Abstract Present study was undertaken to optimize the process conditions for development of food grains (maize, defatted soy flour, sesame seed)-banana based nutritious expanded snacks using extrusion processing.
Introduction
Snack foods are the essential dietary part of today's consumers as a substitute of quick meal. Nowadays consumers demand healthier and flavourful snack foods options in the market. Extrusion processing is emerging as a promising technology for developing snack foods with desired nutritional properties. The heated barrel as well as thermal energy generated by viscous dissipation during extrusion cooking with combination of shearing effect cooks the raw food materials quickly and modified the physico-chemical properties of the biopolymers (Thymi et al. 2005) . Extrusion processing brings gelatinization of starch, denaturation of proteins, inactivation of enzymes, microbes and many antinutritional factors (Bhattacharya and Prakash 1994) . Hence, extrusion processing of raw foods is a feasible technique to produce extruded snack foods and has been the object of studies to enhance the nutritional and functional properties of extrudates (Hernandez-Diaz et al. 2007; Gonzalez-Soto et al. 2006; Sacchetti et al. 2005) .
Banana (Musa sapientum), an important fruit crop in India, being grown in more than 150 countries, producing 105 million tonnes of fruit per year (Post harvest profile of banana: 2015). Banana production was found maximum in India, contributing about 25.58% in world's production, followed by China, Philippines and Ecuador (Post harvest profile of banana 2015). Banana is generally consumed as ripe fruit but processed banana products such as puree, juice, chips, powder etc. are also making an important place in food market. However, banana supplemented extruded products are hardly available in India. Banana is nutritious, easily digestible fruit and liked by consumers due to its aroma, texture, and easy to peel and eat, besides rich in potassium and calcium, and low in sodium content (Wall 2006; Anhwange 2008; Adisa and Okey 1987) . Banana is rich in phenolic compounds and flavanoids, which have antioxidant properties. This fruit is rich in dopamine, an antioxidant (Kanazawa and Sakakibara 2000; Alothman et al. 2009 ). Potassium is most abundant mineral followed by magnesium, calcium, and phosphorus in edible portion of banana. Banana pulp is also rich in iron content where as copper is found very small quantity (Jenny et al. 1990) . Extruded products are available in plenty but with poor nutritional quality due to cereals being the main ingredients in those products. Maize, being an economical grain and rich in starch component, play an important role in expansion of product during extrusion cooking. Defatted soy flour and grits are rich in protein and minerals with negligible amount of fat thus valuable food materials for enhancing the protein quantity as well as overall nutritional quality of the cereal based food products (Berk 1992) . Being rich in calcium content, sesame seeds can also be considered for enhancing of calcium content of snack foods. Being a nutritious fruit, processed banana when accompanied with some legume based products can be useful for development of baby food and snack food products (Jenny et al. 1990 ) with enhanced flavour and mineral content. Extruded snack foods, one of the most commonly accepted snack foods amongst children and adults if enriched with protein and mineral rich food materials, will certainly be helpful in enhancing the nutritional quality of the product and thus consumers' demand of health foods. In view of this, the present study was carried out to optimize the extrusion parameters and level of banana pulp for development of banana pulp incorporated nutritious extruded snack food.
Materials and methods

Raw materials
Maize, defatted soy flour, sesame seed and banana were procured from local market, Ludhiana, India. The maize sample was pulverized in hammer mill (Shriram Industries, Indrapuri, Bhopal, India) and sieved using BSS sieve no. 18 to get the grits of 0.954 mm grits (selected on a pre-trial basis). Sesame seeds were coarsely ground in a household grinder and sieved to get the particle size 0.954 mm. Defatted soy flour (Allegro brand, Super Foods, Chandigarh, India) was used to enhance the protein content of the product. Ripe banana pulp was prepared using a pulping machine (capacity 20 kg/h). Feed material was prepared by blending the coarsely ground raw materials i.e. maize (78.5%), sesame seeds (7.5%) with defatted soy flour (14%). This feed material (sample size: 500 g) was used to prepare the extrudates with each level of banana pulp as per the experimental plan. Experimental feed samples were adjusted to the desired moisture level as per the experimental plan (Table 1) by evaporating or by adding the required quantity of water and then allowed to stand at room temperature for 3 h to equilibrate the moisture content prior to extrusion cooking (Mridula et al. 2011 ).
Experimental design
Box-Behnken design was used to design the experiments with three independent process variables using Design expert 8.0.5 software. Seventeen sets of experiments (Table 1) were performed taking into account three independent variables viz., feed moisture 14-18%, screw speed 330-350 rpm and banana pulp 8, 16, 24 g. Response variables were expansion ratio, bulk density, colour quality ('L', 'a', 'b' value, Colour difference (DE), whiteness index (WI), Yellowness index (YI)), water absorption index, water solubility, protein content, total minerals, iron content, calcium content and overall acceptability. Difference between variables was tested for significance using one way Anova analysis procedure.
Extrusion processing
Extrudates samples were prepared using a co-rotating twin screw extruder (Basic Technologies Private Ltd., Kolkata, India) using 3.0 mm die for this study. This twin screw extruder has three barrel zones with 350 mm length with length to diameter ratio of 5:1. The extruder was operated at 10.5 kg/h feed rate and 110 ± 2°C die head temperature. The extruder barrel was heated or cooled as per requirement at two sections by a separate water circulation system. The temperature of barrel wall was measured by thermocouples and displayed on the electric panel. Steadystate conditions of extruder were assumed to have been reached when there were no visible drift in the barrel temperature for at least 5 min. The feeder and cutter were controlled with 0.5 hp motor, separately. Extrudate rods coming out through die were cut through a constant cutter speed (15 rpm), dried at 50°C for 2 h (Mridula et al. 2011) in a tray dryer to about 4.5% moisture content (w.b.). The velocity of drying air in tray dryer was 0.5 m/s. The samples were packaged in polyethylene bags (thickness 65l), sealed properly using heat sealing machine and stored at ambient conditions (25±2°C) for further quality analysis. Bulk density and expansion ratio Expansion Ratio of extrudates was determined as per the method suggested by Ryu and Ng (2001) . The diameter of randomly selected extrudates samples was measured at ten different positions along the length of each sample using digital vernier calliper (Model no. CD-8 CSX, Mitutoyo Corp., Kawasaki, Japan). The mass of these extrudate pieces was determined by electronic weighing balance with a least count of 0.0001 g. Expansion Ratio of extrudates and bulk density was calculated by using the following formula, assuming cylindrical shape of extrudates (Asare et al. 2004; Thymi et al. 2005) .
Expansion ratio ¼ Diameter of extrudate Die diameter ð1Þ
where, w is mass, kg; d is diameter, m; and l is length of extrudate, m
Water absorption index (WAI) and water solubility index (WSI)
WAI and WSI were determined in triplicate following the method described by Ding et al. (2005) . Ground sample (3 g) was dispersed in 30 mL of distilled water and stirred using a vortex mixer for 30 s at 150 rpm. This dispersion was allowed to stand for 30 min in a water bath at 30°C. Subsequently, the dispersion was centrifuged at 3000 rpm (rotor radius 29 mm) for 15 min using the Centrifuge (Eltek, Electrocraft (India) Pvt. Ltd., Mumbai, India). The supernatants were decanted into an evaporating dish of known weight, dried at 110°C and weighed. The WSI of extrudates was considered as the weight of dry solids in the supernatant expressed as percentage of the original weight of sample. WAI and WSI were calculated using following equations:
WAIðg=gÞ ¼ weight of hydrated residue dry weight of extrudate sample ð3Þ
WSIð%Þ ¼ weight of dissolved solids in sup erna tan t dry weight of sample Â 100
ð4Þ
Instrumental colour quality
Colour (L, a and b values) of the extrudate samples was determined by using Hunter Colorimeter (model no. 45/0 L, made in U.S.A). Before measuring, the colorimeter was calibrated using a white reference tile and a black reference tile. 'L' is known as the lightness and extends from 0 (black) to 100 (white), 'a' values and 'b' values indicates redness 
where, DL = L -L0, Da = a -a0, Db = b -b0; L, a, and b are the measured values of extrudate samples; L0, a0, and b0 are the values of extrudates without banana pulp.
Proximate composition
The moisture, protein, fat, crude fibre, total mineral content, iron and calcium content of extrudate samples were determined using AOAC methods nos. 925.10, 960.52, 920.39, 962.09, 923.03, 944.02 and 944.03, respectively (AOAC 2000) . Carbohydrate content was calculated by subtracting the sum of moisture, protein, fat and total minerals from 100 (Hira et al. 1996) . Total calories were calculated by multiplying protein, carbohydrates (excluding crude fibre) and fat content by factor of 4, 4 and 9, respectively (Hira et al. 1996) . All reagents used for chemical analysis of extrudate samples were of analytical grade.
Sensory characteristics
Sensory characteristics of extruded snack food, such as appearance, colour, sensory texture, odour, flavour, taste and overall acceptability were evaluated on nine point hedonic scale (BIS 1971) by a group of 17 semi-trained panellists. Before sensory evaluation, each sample of extrudates (100 g) was mixed with 2 mL refined oil (Fortune refined soybean oil), 1.5 g salt and 0.2 g green chilli powder for flavouring purposes. Samples (20 g each) were served to each panellist in paper plates identified by random three digits codes for sensory evaluation. Care was taken to maintain the sensory environment at 25 ± 2°C.
Statistical analysis
Response surface methodology was adopted for experimental design and analysis of the results (Khuri and Cornell 1987) using a commercial statistical package, Design-Expert software version 8 (Stat-Ease Inc, Minneapolis, MN, USA). Multiple regression analysis was used to fit the model, represented by an equation, to the experimental data. The response surfaces for the models were plotted as a function of the two variables while keeping the other one at optimum level. Numerical optimization technique of the Design-Expert software was used for simultaneous optimization of the multiple responses. The optimization of the food materials aimed at finding the level of independent variables viz. banana pulp (g), screw speed (rpm) and moisture content (%), which could give maximum expansion, protein content, total minerals, iron content, overall acceptability, and minimum bulk density. Responses obtained were analyzed to visualize the interactive effect of independent parameters on quality attributes of the extruded product. Adequacy of the model was considered based on coefficient of correlation (R 2 ), F-ratio and lack of fit. The models were considered adequate when the calculated R 2 value was more than 0.80 and lack of fit test was insignificant (Henika 1982) .
Results and discussion
Effect of process variables on physical properties of extrudates Physical properties are important for consumer acceptability of the extruded snack foods. The expansion ratio and bulk density of extruded snack foods have been reported as the most valuable indicator of quality in expanded food products. Expansion index, bulk density, water absorption and water solubility index (WSI) of different extrudate samples ranged between 2. 69-3.36, 153.43-238 .83 kg/m 3 , 4.56-4.88 g/g and 22.17-23.96%, respectively (Table 1) . Regression analysis for studying the effect of independent variables on physical parameters namely, expansion index, bulk density, water absorption and WSI of extrudates suggested that the model was significant at p B 0.05. Therefore, the second order model was adequate to predict the responses and interpret the effect of independent variables on the responses using the following equations:
Bulk density ¼ þ192:31 þ 39:39 Fig. 1 Effect of banana pulp, screw speed and feed moisture on expansion ratio (a-b), bulk density (c-d), water absorption (e-f) and water solubility index (g-h) of extrudates Water absorption ¼ þ4:75 À 0:14
where A-Banana; B-Screw speed, C-Moisture. The coefficient of determination (R 2 ) of the models for expansion index, bulk density, water absorption and WSI were found to be 0.9766, 0.9967, 0.8901 and 0.979, respectively, which further indicated that the model was suitable for adequately describing the real relationships among the selected independent variables (Table 1) . Nonsignificant lack of fit indicated a good agreement with the fitted model. The expansion ratio was most significantly (p B 0.05) affected by level of banana pulp followed by moisture content and screw speed (Fig. 1a-b) . A negative linear interaction with banana pulp and feed moisture content indicated a reduction in expansion ratio with increasing level of banana pulp and moisture content. This might be attributed to the dilution effect to starch on account of addition of banana pulp (Altan et al. 2008a) . A reduction in expansion ratio was also observed by Chiu et al. (2013) in corn extrudates fortified with yam flour. Bulk density was significantly (p B 0.05) affected by level of banana pulp and screw speed. An increase in bulk density was observed with increasing levels of banana pulp and screw speed with a maximum value of 238.28 kg/m 3 at 24% level of banana pulp and 350 rpm screw speed (Fig. 1c-d) . There is an inverse relation between bulk density and expansion ratio of the extrudates. An increase in bulk density of extrudate was also been observed by Altan et al. (2008b) with increasing level of grape pomace may be attributed to the presence of fiber. Water absorption and WSI were found affected (p B 0.05) by the level of banana pulp only (Fig. 1e-h ) with no significant (p C 0.05) effect of screw speed and moisture content (Table 2 ). Higher levels of banana pulp resulted in an increased WSI whereas water absorption of extrudates was found decreased with increasing level of banana pulp (Fig. 1e-h ). This might be due to higher sugar content in banana pulp that limited the gelatinization due to competition between sugar and starch molecules for available moisture as also indicated in other study (Lund 1984) . Similar observations had also been indicated by Dhungana et al. (2014) in extrudates prepared with sweet potato flour and tomato pomace. Addition of banana pulp significantly increased the WSI of extrudates. WSI increased progressively with increase in the banana pulp and may be attributed to the amount of soluble solids present in ripened banana pulp. An increase in WSI and decrease in WAI was also reported by Kaur et al. (2015) in banana flour added corn extrudates.
Effect of process variables on colour quality of extrudates
The selected processing variables did not influence the colour quality i.e. 'L' value, 'b' value, whiteness index ( Fig. 2a-b) , yellowness index (Fig. 2c-d) and colour difference ( Fig. 2e-f ) significantly (p [ 0.05) whereas, 'a' value was significantly affected by level of banana pulp and screw speed at linear level (Table 2) . Increase in 'a' value i.e. increase in degree of redness was observed with increasing levels of banana pulp and screw speed. This increase in 'a' value of colour index as obtained by instrumental colour analysis is probably due to the occurrence of Maillard reaction products, melanoidins, which are responsible for the browning of extrudates (Soria and Villamiel 2012) . Maillard reaction is characterized by the interaction between carbonyl group of reducing sugars with the amine group of proteins, peptides or amino acids, occurring in the presence of heat. Therefore, higher the levels of banana pulp in feed formulation of the extrudate, greater the occurrence of Maillard reaction, leading to high 'a' value or redness in the final product. In addition, enzymatic browning might also contribute in increased 'a' value to a certain degree due to enzymatic reaction during preparation of banana pulp under atmospheric conditions. Predictive equations for colour quality values are as follows:
Yellowness index ¼ þ56:16 þ 0:13
where A-Banana; B-Screw speed, C-Moisture
Effect of process variables on nutritional quality of extrudates
The experimental results of nutritional quality by a BoxBehnken design, with five replications at the central point are shown in Table 1b . Based on the experimental responses, protein, total minerals, iron and calcium content of extrudates ranged from 15.19-15.52%, 2.06-2.27%, 4.39-4.67 mg/100 g and 90-155 mg/100 g, respectively.
Analysis of variance for protein, total minerals, iron and calcium content showed that these nutrients in extrudates were significantly affected by the levels of banana pulp ( Table 2 ). The R 2 value for all the responses was greater than 0.90 suggesting more than 90% variability has been explained by models. Fisher's F test also showed that the models were significant at p \ 0.05. Thus, all the responses were considered adequate to describe the effect of process variables on protein, total minerals, iron and calcium content of extrudates.
Protein ¼ þ15:37 À 0:13
Total minerals ¼ þ2:14 þ 0:10
Iron content ¼ þ4:53 þ 0:098
The protein, total minerals, iron and calcium content of extrudates were significantly (p \ 0.05) affected by linear level of banana pulp (Fig. 3a-h ). The protein content was negatively affected by addition of banana pulp (Fig. 3a-b) . A decrease in protein content with increasing level of banana pulp was observed, may account to the dilution effect of banana pulp on feed formulation. Positive linear coefficients indicated increase in total minerals, iron and calcium content with the increasing levels of banana pulp. Calcium content was also significantly affected by quadratic level of banana pulp and interaction between level of banana pulp and screw speed. The increase in total minerals, iron and calcium content with increasing levels of banana pulp is due to banana pulp being rich in these minerals.
Effect of process variables on overall acceptability of extrudates
Overall sensory acceptability of extrudates was obtained by compounding contributory scores of all the sensory attributes, the optimum levels for the former satisfy the all individual sensory scores. The overall acceptability score of extrudates varied from 6.76 to 7.36. Maximum overall acceptability score was obtained at 8 g level of banana pulp, 300 rpm screw speed and 15% feed moisture content. Table 2 showed that the coefficient of determination (R 2 ) of the regression model for overall acceptability of extrudates was 0.8286. Therefore, model can be considered adequate as it had a high R 2 value. Lack of Fit F-value was non-significant relative to pure error. Predictive equation for overall acceptability is as follows:
Overall sensory acceptability ¼ þ7:06 À 0:20 Fig. 4 Effect of banana pulp, screw speed (a) and feed moisture (b) on overall acceptability of nutritious extruded snacks The overall sensory acceptability was significantly affected by linear level of banana pulp only (Fig. 4a-b) . The significant (p \ 0.05) negative coefficient at linear level indicated a decrease in overall acceptability with increasing level of banana pulp. This effect was attributed to the increase in bulk density and decrease in expansion ratio of extrudates hence, affected the sensory texture and appearance of the product also, increasing levels of banana pulp resulted in deviation of colour index of extrudates as compared to control hence, negatively affecting the sensory scores for appearance and colour of the product but for all the experiments performed, the sensory score of banana extrudates were found to be in acceptable limits by the sensory panel.
Optimization and validation of parameters
Optimum conditions were determined based upon maximizing expansion ratio, water absorption index, protein content, total minerals, iron content and overall acceptability and minimizing bulk density, whereas independent variables were kept within the range. Based upon the statistical analysis of data, optimized conditions with maximum desirability level (=0.805) were 8 g ripe banana pulp, 350 rpm screw speed and 14% feed moisture. This optimized solution was further validated by analyzing the responses for the sample prepared following the above optimized conditions (Table 3 ). The extrudates prepared using optimized conditions were found to have 15.46% protein, 2.11% total minerals, 4.48 mg/100 g iron and 92 mg/100 g calcium with an overall acceptability score of 7.60. It was observed that the experimental values of the responses were not statistically different from the predicted values and hence confirmed the validity of optimum conditions.
Conclusion
Response surface methodology is successfully used for optimization of extrusion variables for development of food grains-banana pulp based nutritious snacks food and evaluation of impact of process conditions on extruded snack properties. All the properties were affected by the variation in the level of banana pulp, screw speed and feed moisture content indicating the importance of optimizing extrusion variables for developing a new product in order to achieve optimum product quality. The optimum conditions for preparation of nutritious expanded snack utilizing ripe banana are 8 g banana pulp (per 100 g feed material), 350 rpm screw speed and 14% feed moisture. The fat, carbohydrates, crude fibre, total minerals, iron and calcium content in this nutritious expanded snack with banana was 3.86%, 73.83%, 2.29%, 2.1%, 4.48 mg/100 g and 92 mg/ 100 g, respectively. The protein and calories in this banana incorporated nutritious snack was 15.46% and 391 kcal/ 100 g, which could fulfil about 50% of protein and 20% of calorie requirement of a 7-9 years old child. The high protein and significant amount of calories and mineral content in the developed snack food also showed the great potential in combating protein-calorie malnutrition.
